Objective-To investigate prospectively abnormalities of brain glucose utilisation in relation to major or minor neuropsychiatric symptoms in systemic lupus erythematosus (SLE). Methods-Positron emission tomography (PET) using F-18-labelled fluorodeoxyglucose was performed in 28 patients with SLE. Patients were classified as having severe neuropsychiatric manifestations (seizures, focal neurological deficits, acute confusional states, mood disorders) (n=12), or mild neuropsychiatric manifestations (headache, reactive depression, cognitive dysfunction, anxiety disorders) (n=11) and five patients without signs of central nervous system (CNS) involvement. Ten clinically and neurologically healthy volunteers served as controls. In 26 patients magnetic resonance imaging (MRI) was performed and autoantibodies against CNS tissue, ribosomal P protein and cardiolipin were measured. In 14 patients follow up PET scans were performed after a mean (SD) period of 11.6 (9.5) months. Results-PET scans showed hypometabolism in at least one brain region in all patients with severe or mild CNS symptoms (100%) as compared with patients without cerebral symptoms (40%) (p<0.0025). Parieto-occipital regions were most commonly aVected (96%), followed by parietal regions (32%). In contrast, MRI images were abnormal in only 11 of 22 patients (50%) with neuropsychiatric symptoms and in one of four patients (25%) without symptoms. In 12 of 14 patients examined in follow up PET scans persistence, improvement or worsening of cerebral symptoms were associated with unchanged, decreased or increased brain hypometabolism, respectively. No significant correlation was found between PET or MRI findings and autoantibody profiles. Conclusions-PET imaging represents a sensitive tool to detect manifest or subclinical CNS involvement in SLE and PET findings correlate well with the clinical course of disease.
Abstract
Objective-To investigate prospectively abnormalities of brain glucose utilisation in relation to major or minor neuropsychiatric symptoms in systemic lupus erythematosus (SLE). Methods-Positron emission tomography (PET) using F-18-labelled fluorodeoxyglucose was performed in 28 patients with SLE. Patients were classified as having severe neuropsychiatric manifestations (seizures, focal neurological deficits, acute confusional states, mood disorders) (n=12), or mild neuropsychiatric manifestations (headache, reactive depression, cognitive dysfunction, anxiety disorders) (n=11) and five patients without signs of central nervous system (CNS) involvement. Ten clinically and neurologically healthy volunteers served as controls. In 26 patients magnetic resonance imaging (MRI) was performed and autoantibodies against CNS tissue, ribosomal P protein and cardiolipin were measured. In 14 patients follow up PET scans were performed after a mean (SD) period of 11.6 (9.5) months. Results-PET scans showed hypometabolism in at least one brain region in all patients with severe or mild CNS symptoms (100%) as compared with patients without cerebral symptoms (40%) (p<0.0025). Parieto-occipital regions were most commonly aVected (96%), followed by parietal regions (32%). In contrast, MRI images were abnormal in only 11 of 22 patients (50%) with neuropsychiatric symptoms and in one of four patients (25%) without symptoms. In 12 of 14 patients examined in follow up PET scans persistence, improvement or worsening of cerebral symptoms were associated with unchanged, decreased or increased brain hypometabolism, respectively. No significant correlation was found between PET or MRI findings and autoantibody profiles. Conclusions-PET imaging represents a sensitive tool to detect manifest or subclinical CNS involvement in SLE and PET findings correlate well with the clinical course of disease. Neuropsychiatric manifestations have a strong impact on morbidity and mortality in systemic lupus erythematosus (SLE). 1 In SLE, central nervous system (CNS) manifestations have been described in 18-61% of cases. [2] [3] [4] [5] The diagnosis of cerebral involvement can be diYcult and has to be diVerentiated from neurological complications that result from uraemia, hypertension, drugs or metabolic changes. The pathogenesis of numerous CNS manifestations remains unclear. Immune complex mediated vasculitis might result in infarction, haemorrhage or in altered permeability of the blood brain barrier playing a permissive part in antibody mediated injury. Other neurological symptoms like strokes reflect an ischaemic arteriopathy of small or medium size vessels that may be caused by antiphospholipid antibodies. Finally, several investigators have implicated autoantibodies against ribosomal P proteins and neurons in the pathogenesis of neuropsychiatric SLE. [6] [7] [8] [9] However, because of a lack of standardisation and commercialisation of test systems, the usefulness of serological methods in the diagnosis of CNS involvement have been discussed controversially. 10 Computed tomography (CT) or magnetic resonance imaging (MRI) have been found to be useful in the detection of focal neurological deficits rather than diVuse presentations. [11] [12] [13] Studies with single photon emission computed tomography (SPECT) have shown in patients with CNS lupus that functional imaging is more sensitive than morphological imaging such as MRI or CT. 14 15 To date, there exist only few reports on a small number of patients concerning the value of positron emission tomography (PET) in the diagnosis and monitoring of CNS SLE with cerebral involvement. [16] [17] [18] [19] Furthermore, there are conflicting reports regarding the brain regions involved in neuropsychiatric SLE. 14 18 19 The aim of this study was to examine brain glucose utilisation using F-18 fluorodeoxyglucose (FDG) PET in 28 patients with SLE. Twenty three patients had minor or major neuropsychiatric symptoms at entry and five patients had no CNS symptoms at all. Follow up PET examinations were done in 14 patients. The PET data were compared with clinical data, MRI scans and serological findings, including anticardiolipin and anti-CNS antibodies.
Methods

PATIENTS AND CONTROLS
Ten healthy controls (mean (SD) age 40 (12) years, five women, five men) and 28 patients (mean (SD) age 38 (13) years, 24 women, four men) were studied. All patients met at least four of the American College of Rheumatology (ACR) criteria for the classification of SLE. 20 The duration of illness ranged from 1 month to 28 years (mean (SD) duration 5.7 (6.5) years). Disease activity was assessed using the SLE Disease Activity Index (SLEDAI). 21 None of the study participants exhibited anamnestic hints of neurovascular or neurodegenerative disease. Secondary causes such as infection, uraemia, hypertension, drugs and metabolic abnormalities were excluded. One patient with SLE had a history of brain surgery because of neurocytoma three years before the entry in the study. As regards the controls, only participants with normal clinical and neurological findings were included in the study. For the patient group, 23 consecutive patients with clinical and neurological findings indicating disease related CNS involvement were included, as well as five consecutive patients without actual neuropsychiatric complaints. One patient of the latter group had a history of impairment of concentration three years ago. Disease related neuropsychiatric manifestations were defined as abnormalities of neurological function identified by current history and physical examination and noted as a change from a prior state.
The CNS manifestations were classified according to the ACR nomenclature for neuropsychiatric SLE 22 and divided into "severe" and "mild" symptoms:
Severe Aseptic meningitis; focal neurological deficits (because of cerebrovascular disease or demyelinating syndrome); movement disorder (chorea); myelopathy; seizures; acute confusional state; mood disorder (depression); psychosis.
Mild
Headache (including migraine); reactive psychological disturbances; cognitive dysfunction (impairment of attention, concentration, memory or word finding); anxiety disorder.
RADIOPHARMACEUTICALS
All participants were given 370 MBq FDG into a peripheral vein. FDG was synthesised and prepared as reported previously. 23 
PET STUDY PROTOCOL
Before the PET procedure, each study participant had to fast for at least 12 hours and was asked to empty the bladder. Then, patients and controls were put at rest in a quiet room with dim lights, remaining awake with closed eyes during the 10 minute waiting period. After injection of FDG, the probands remained at rest in a horizontal position for another 30 minutes. The head of each test person was positioned parallel to the orbitomeatal line with the aid of a laser beam. To exclude movements during the scanning procedure the head was placed in a moulded thermoplastic head support. All subjects were studied at rest. The acquisition started about 35 minutes after tracer injection. PET imaging was performed on a Siemens CTI ECAT EXACT tomograph. The device records 31 planes simultaneously, which encompass a 10.8 cm field of view. The spatial resolution is 6.0 mm full width at half maximum. Photon attenuation was automatically calculated using Siemens-CTI standard software routine. 24 A total of six frames of five minutes duration was acquired. Images were reconstructed using filtered back-projection (Shepp-Logan filter, cut oV 0.3 cycles/pixel). For data analysis, summed images were used (summing the dynamically acquired frames 1 to 6 into one image).
Standardised cortical and subcortical elliptical regions of interest (ROIs) were assigned by consensus of two independent investigators to three adjacent transaxial slices of the following regions: frontal, parietal, occipitofrontal, temporolateral, temporomedial, parieto-occipital, thalamus, putamen, caudate nucleus, cerebellar (mean of lateral and dorsal cerebellum), brain stem, global at the level of the thalamus and basal ganglia.
Shape and size of ROIs were the same in all patients and controls, as the ROI templates were copied into the corresponding planes of each study. Shape and size were fitted to actual head form by computer simulation. The position of all ROIs was adjusted to the corresponding anatomical localisation. In each ROI, the average uptake per pixel per time was determined.
ROI analysis was performed using a SUN sparc station and SUNVIEW software. To allow inter-individual comparisons, regional cerebral metabolism was normalised by global glucose metabolism (glucose metabolic index, GMI; GMI=ROI uptake/global uptake) determined from the global brain ROI at the level of the thalamus and basal ganglia. All images were interpreted by the blinded observers. MRI MRI scanning of brain was performed with a 1.O resp. 1.5 tesla MR imager system (Magnetom Expert and Magnetom Vision, Siemens, Erlangen, Germany), including T2 and T1 weighted spin-echo and inversion recovery was measured as previously described. 25 Anti-CNS antibodies of IgG and IgM isotype were measured by ELISA, using a 100 000 g supernatant prepared from beef brain by a standard method. 9 
STATISTICAL ANALYSIS
Statistical analysis was performed using Fisher's exact test and the Mann-Whitney U test. p Values less than 0.05 were considered as statistically significant. All PET data are expressed as mean (SD). Table 1 shows the clinical and serological parameters observed in the 28 SLE patients. Treatment at entry consisted of chloroquine/ hydroxychloroquine with or without corticosteroids in three patients, pulse cyclophosphamide with corticosteroids in five patients, oral cyclophosphamide and corticosteroids in three patients, azathioprine and corticosteroids in two patients, corticosteroids alone in 11 patients. Four patients were untreated.
Results
INITIAL CLINICAL AND MRI FINDINGS
Twelve patients exhibited at least one "severe" neuropsychiatric symptom, 11 patients had one to three "mild" symptoms, present at the time of PET and MRI examination (table 2) . Neuropsychiatric symptoms were cognitive dysfunction (n=11), persistent headache (n=7), vertigo (n=5), mood disorder (n=5), severe visual disturbance (n=4), common migraine (n=3), acute confusional state (n=2), scintillating scotoma (n=1), tinnitus (n=1), reactive depression (n=1), stroke (n=1), gait disturbance (n=1), paraesthesia (n=1), hypogeusia (n=1), anxiety disorder (n=1) and obsessive-compulsive neurosis (n=1). The total prednisone dose in symptomatic patients was 18.0 (14.8) mg (range 0 to 50 mg) and in asymptomatic 9.6 (9.4) mg (range 0 to 25mg) per day. The mean SLEDAI score was 15.6 (SD = 11.1; range 0 to 37) in lupus patients with severe neuropsychiatric symptoms, 13.7 (SD = 10.9; range 1 to 32) in patients with mild cerebral symptoms and 4.6 (SD = 4.87; range 0 to 11) in asymptomatic patients.
MRI showed abnormal findings in 8 of 12 patients (67%) with major neuropsychiatric symptoms, in 3 of 10 patients with minor neuropsychiatric symptoms (30%) (p=1.0, NS) and in 1 of 4 patients (25%) without neuropsychiatric symptoms. Overall, cerebral infarcts were found in three patients, focal areas of increased signal on T2 weighted images in white matter in eight patients, mild or moderate brain atrophy in six patients. Gadolinium enhancement of focal lesions was present only in one patient (patient 12).
INITIAL BRAIN PET FINDINGS
Significant hypometabolism was assumed if GMI values lay more than one standard deviation below normal control values. Evaluation of metabolic pattern in brain PET showed hypometabolism in at least one ROI of all patients with severe or mild CNS symptoms. In these patients, GMI values ranged at least in one region two standard deviations below normal control values. In patients without cerebral symptoms, hypometabolism was present in two patients, one of them had a history of cognitive disorder three years before admission. In patients with abnormal PET findings parietooccipital regions (on the right and/or left side) were most commonly aVected (24 of 25, 96%), followed by parietal (8 of 25, 32%), cerebellar (5 of 25, 20%) and frontal regions (4 of 25, 16%). Other regions were rarely involved. In one patient parieto-occipital hypometabolism was combined with a patchy uptake pattern over the whole brain in accordance with multiple infarcts found in MRI scans (patient 11). In patients with severe neuropsychiatric symptoms, multiple brain regions were not more frequently involved than in patients with mild symptoms (8 of 12, 66% versus 5 of 11, 45%). In symptomatic patients, at least two brain regions (left side, right side or diVerent areas)
showed hypometabolism and cerebellar regions were always accompanied. In two asymptomatic, PET positive patients hypometabolism was restricted to one region only, either the left parieto-occipital region or the cerebellum. Patients with regression or improvement of all CNS symptoms (n=8) also showed improvement or normalisation of brain PET findings in all cases (fig 1) . In patients with persistent neuropsychiatric symptoms (n=4) hypometabolism was unchanged (n=3) (fig 1) or partially normalised (n=1). Both patients with worsening of particular cerebral symptoms, PET examination also worsened in the aVected brain regions (patients 2 and 4).
In patients with intensified or newly introduced immunosuppressive treatment (n=7), the pathological brain PET findings were improved or normalised in six and unchanged in one patient. Patients with unchanged treatment (n=3) showed worsened, improved or unchanged PET scan results. In patients in whom immunosuppressive treatment was reduced (n=3), brain PET findings worsened, did not change or improved. Patient 16 showed normalisation of brain PET after change from oral to intravenous cyclophosphamide.
The mean SLEDAI score was 15.3 (SD = 10.5) at initial PET evaluation and 5.7 (SD = 5.5) at the follow up visit. The reduction in the SLEDAI score was higher in patients with intensified (mean reduction of SLEDAI score 15.4 (9.8)) compared with unchanged or reduced immunosuppressive treatment (mean reduction of SLEDAI score 3.8 (2.9); p=0.01). PET findings were not related to the SLEDAI score. Thus, a worsened hypometabolism occurred in one patients with a SLEDAI score of 0. Table 5 depicts the frequency of anti-ribosomal P, anti-CNS and aCL antibodies in the three patient groups. Antibodies against CNS tissue were found in nine patients (75%) with severe neuropsychiatric symptoms, in three patients (27%) with mild symptoms (p=0.039 versus patients with severe symptoms) and none of the patients without neuropsychiatric symptoms (p=0.009 versus patients with severe symptoms). In contrast, aCL or ribosomal P protein antibodies were not significantly associated
SEROLOGICAL FINDINGS
Figure 1 Left panel: FDG-PET and MRI studies in a 46 year old women with SLE and vertigo, gait disturbance, headache and depression (patient 5). (A) An axial T2 weighted MRI scan demonstrated infarction parieto-occipital right and brain atrophy. (B) Initial FDG-PET showed glucose hypometabolism parieto-occipital right, occipital and laterofrontal left. (C) After 30 months vertigo, gait disturbance and headache persisted, but depression improved. Follow up FDG-PET showed nearly unchanged glucose uptake defects. The right image side represents the left brain side. Right panel: FDG-PET and MRI studies in a 30 year old male patient with SLE and headache (patient 13). (A) MRI scan was normal. (B) Inital FDG-PET image showed a significant reduction in glucose metabolism in the parieto-occipital region on both sides. (C) Ten months later the headache had improved. Follow up FDG-PET showed a normalised glucose utilisation (within 1 standard deviation of normal controls) in the previously aVected brain regions.
with the presence of neuropsychiatric symptoms. However, psychiatric symptoms were observed in four of six patients with antibodies against ribosomal P protein (mood disorder in two patients, reactive depression and anxiety in one patient, obsessive-compulsive neurosis in one patient) and 3 of 22 patients without antiribosomal P antibodies (mood disorder in three patients) (p=0.02). Of eight patients with focal MRI lesions, six had increased aCL at any time (75%) compared with 8 of 18 patients without focal MRI lesions (44%) (p=0.21; NS). Two of three patients with territorial infarction in MRI showed strongly raised aCL. Overall, no statistically significant relation was found between antibodies against CNS tissue, cardiolipin or ENA and MRI or PET findings.
At entry into the study, C3d levels were increased in 14 of 22 patients clinically diagnosed as having CNS involvement and in four of five patients without neurological symptoms. In patients with pathological brain glucose utilisation the C3d levels were not significantly diVerent from patients with normal PET scans. This lack of correlation between C3d plasma levels and PET scan abnormalities held also true in follow up examinations.
Discussion
The diagnosis of CNS involvement in connective tissue diseases may be problematic and has to be diVerentiated from neurological impairment attributable to infections, uraemia, hypertension, drug toxicity. SLE patients with focal deficits are more likely to show MRI abnormalities than SLE patients with diVuse presentations. 11 12 Furthermore, MRI analyses did not provide any additional clinical information on cognitively impaired SLE patients. 13 In the past decade functional imaging has been proved to be more sensitive than morphological imaging. DiVerent methods were used to measure brain function: cerebral blood flow measurement using a xenon-133 inhalation method, 26 27 technetium-99m-hexamethylpropylene amine oxime (HMPAO) 14 15 28 29 or iodine-123-iodoamphetamine SPECT, 30 glucose utilisation using fluorine-18 fluorodeoxyglucose (FDG) PET 17 18 31 and magnetic resonance spectroscopy. 32 The clinical value of SPECT in diagnosing cerebral lupus is being discussed controversially: some studies showed much greater sensitivity than specificity for CNS involvement; others found multifocal areas of cerebral blood flow defects also in asymptomatic cases. 15 30 33 Glucose metabolism measured in PET scans provided a higher resolution and has been shown to be more sensitive than perfusion data obtained by SPECT in several diseases other than SLE. 34 35 Earlier PET studies involving only few patients showed pathological changes in accordance with the clinical state. 17 36 These and most following studies focused exclusively on manifest and severe CNS involvement with positive MRI scans. 17 36 37 However, in recent studies hypometabolism in FDG-PET has also been shown in MRI negative neuropsychiatric SLE. 18 33 In contrast, one study describes a significant tendency towards lower glucose utilisation only in patients with a high number of white matters lesions found by MRI. 31 Recently Kao et al compared HMPAO-SPECT and FDG-PET to detect brain involvement in SLE patients and found a higher sensitivity but lower specifity of HMPAO-SPECT. 33 However, as in the latter study PET scans were interpreted visually instead of a quantitative method as we used, their PET results are not comparable to ours.
In this study FDG-PET hypometabolism was found in at least one brain region of all patients with major or minor CNS symptoms. There were conflicting reports regarding the regions involved in neuropsychiatric SLE: whereas in SPECT studies a variety of abnormal brain regions have been reported (occipital, frontal, temporo-occipital, parietal cortex, basal ganglia and thalamus) 14 15 28 33 in FDG-PET scans hypometabolism was mainly found in parietal, temporal, frontotemporal and central regions. 17 36 38 33 In our study the most commonly aVected brain region was parieto-occipital, followed by parietal, cerebellar and frontal, whereas temporal areas were rarely involved. Overall in 12 of 23 symptomatic patients and in 8 of 12 patients with normal MRI scans the parieto-occipital region was the only brain region involved. It remains unclear why these lesions were rarely described in previous studies; diVerent scanning techniques may be the reason. One clinical reference to the parieto-occipital region in our patients may be the visual disturbances observed in six patients. Besides visual symptoms no clear correlation could be found between brain glucose utilisation and the topography of the neuropsychological complains. Taken together, our data suggest that the parietooccipital and parietal regions are the most vulnerable zones of the cerebrum in SLE. This may be explained by the location of the parieto-occipital region at the boundary of supply of the major cerebral arteries. However, abnormalities in the parieto-occipital region are not pathognomonic for SLE with neuropsychiatric manifestation: they can also be found in the late whiplash syndrome 39 or in dementia of the Alzheimer type. 40 Of particular interest are longitudinal studies in patients with CNS lupus: using SPECT, Falcini et al showed improvement of perfusion alterations in six of seven patients with juvenile SLE. 15 Kodama et al showed that SPECT changes represent the activity of psychiatric manifestations, 41 whereas ReiV et al found no correlation of SPECT abnormalities with patient's clinical course. 29 Few case reports using FDG-PET scans showed a clear correla- tion of hypometabolism with clinical conditions, especially with cognitive deficits. 36 38 42 Accordingly, our follow up data showed amelioration of conspicuous PET findings in 9 of 13 patients. Moreover, the dimension of hypometabolism correlated well with the clinical course of CNS disease, but not with the overall disease activity expressed by SLEDAI score or the serological activity indicator C3d.
In six patients improvement of PET findings in association with a marked reduction of SLEDAI score was attributable to changes in immunosuppressive treatment. On the other hand we also observed spontaneous resolution of cognitive dysfunction paralleled by improvement of PET findings in two patients without therapeutic intervention (patients 17 and 18). This phenomenon had also been observed in a recent SPECT study 15 and might be explained by studies, which have indicated, that subclinical cognitive deficits resolve spontaneously, and do not predict the subsequent emergence of either more profound cognitive deficits or other forms of clinically overt neuropsychiatric SLE. 43 44 Persistent hypometabolism of brain areas was observed in seven patients. Cerebral infarcts were underlying these lesions in two patients (patients 4 and 5), and extended white matter lesions in another patient (patient 7). However, persistent deficits in glucose metabolism were also found in patients with normal MRI scans (patient 1, 6, 18) . Active and reversible functional brain lesions cannot be diVerentiated from chronic lesions in a cross sectional PET study. Therefore, longitudinal studies are necessary to clarify the question whether lupus patients may suVer permanent functional brain lesions in the absence of morphological changes and whether such lesions are of clinical relevance.
Abnormalities in functional imaging have also been reported in asymptomatic SLE patients. 15 28 30 In asymptomatic patients we found unconspicuous PET in three or hypometabolism in singular brain regions in two cases whereas in symptomatic patients multiple brain regions were aVected. Both asymptomatic patients with pathological brain PET did not develop cerebral symptoms during follow up. In contrast two patients with major neuropsychiatric symptoms and pathological PET scans had initially normal MRI scans. They subsequently developed a severe CNS exacerbation during which MRI became positive in both (patients 1 and 8). These data suggest that PET positive patients with severe neuropsychiatric symptoms may require intensification of treatment even if MRI is negative. Progress from mild to severe CNS involvement was not observed. However, in most patients immunosuppressive treatment was intensified because of the presence of other disease manifestations. In consideration of prospective data obtained in other studies, 43 we would suggest that patients with mild symptoms should be monitored carefully but do not require obligatory intensification of treatment.
The pathophysiological mechanisms that underlie the findings in PET scanning may be heterogenous. Depressed glucose utilisation is currently thought to be a result of (1) cerebral atrophy, (2) infarction, (3) reduced density of cells or (4) reduced FDG uptake of cells.
(1) The spatial resolution of current PET scanners does not allow a distinction between cerebrospinal fluid containing spaces and contiguous brain tissue. 45 Our data suggest that mild atrophy on MRI scan may have no influence on PET findings. However, if cerebral atrophy is moderate or severe, appropriate corrections for atrophy should be used to measure actual brain tissue metabolism more accurately. (2) Multiple infarctions may lead to a patchy pattern in PET, single lesions result in focal deficits of glucose metabolism. Further changes in cerebral metabolism may also occur at intracranial sites distant from ischaemic lesions, a phenomenon known as diaschisis. 46 Diaschisis is attributed to a decrease in local neuronal activity caused by the loss of aVerent projections from the damaged region. A loss of aVerent projections may also be the cause of some changes in glucose metabolism seen in patients with white matter lesions. (3) A reduced density of cells as a common cause of hypometabolism in SLE patients seems to be unlikely, because hypometabolism was reversible in most cases. (4) Finally, a reduced FDG uptake of cells may represent either a reversible vascular disorder or a primary abnormality in brain structure. 47 Widespread and diverse vascular lesions are a pathological hallmark of SLE. Thrombotic lesions would require antiphospholipid antibodies leading to small infarcts. Accordingly, antiphospholipid antibodies have been associated with neurological disorders of vascular origin, 48 49 as seen in some of our patients. In contrast, inflammatory lesions would require either circulating immune complexes or significant complement activation of neutrophils. 50 In studies on the pathology of cerebral lupus, vasculopathy, infarctions and haemorrhages are often observed, whereas vasculitis is rare. 51 Otherwise, in lupus patients with CNS involvement a complement mediated vascular injury was described independent from immune complex deposition. 52 Activation of complement may lead to an occlusive vasculopathy via activation, aggregation and adherance of neutrophils and platelets to vascular endothelium. 53 However, complement mediated vascular injury does not seem to be the main cause of brain hypometabolism as we were not able to demonstrate a correlation to C3d levels or to a consumption of total haemolytic complement.
Antibodies against neuronal structures have been described by several authors in lupus patients, especially in those with organic brain syndromes, psychosis or seizures. 3 8 9 We screened patients sera for the presence of antibodies against beef brain tissue (anti-CNS) by a well established method. 9 Interestingly, we found a correlation between anti-CNS antibodies and the presence of severe and to a lesser extent with mild neuropsychiatric symptoms. Antibodies against ribosomal P protein, an intracytoplasmic constituent of neuronal and other human cells, were reported to be highly specific for psychosis, 6 54 or depression in lupus patients. 6 55 The specificity of antiribosomal P antibodies to lupus psychosis or depression was not confirmed by other studies. 56 57 We found only a weak association between anti-ribosomal P antibodies and mood disorders, but a statistically significant correlation with the presence of overall psychiatric symptoms (including reactive depression and neurosis). The discrepancy between our findings and those by others 6 55 might be influenced by diVerent assays used to detect anti-ribosomal P antibodies or by the small number of patients included in our study. The role of autoantibodies against neuronal cell constituents in the pathogenesis of cerebral SLE is unclear. It is assumed that autoantibodies exert their eVects by interfering with the cell's ability as a responder in the neuronal network. 58 Microvascular injury induced by immune complexes, complement or antiphospholipid antibodies may change the bloodbrain barrier and provide access of systemically produced antibodies that would otherwise not reach the CNS. However, we were not able to demonstrate any significant association between the PET or MRI findings and presence of distinct autoantibodies. Moreover, we observed brain glucose hypometabolism also in three patients (17, 18 and 24) without antibodies against cardiolipin, CNS tissue, ribosomal P protein or signs of complement consumption.
Finally, cytokines may play a part in the development of functional brain lesions seen in PET. Intrathecal synthesis of interferon 59 and interleukin 6 60 has been reported in neuropsychiatric lupus. Interestingly, in a recent study changes in brain glucose metabolism have been demonstrated in patients with chronic viral hepatitis during treatment with interferon . 61 This issue requires further study.
We conclude that the combination of PET and MRI constitutes the most useful diagnostic procedure to diVerentiate functional from morphological changes in CNS involvement of SLE. While MRI scans are highly sensitive in detecting infarction and especially white matter lesions, we suggest that brain PET is primarily indicated in patients with cerebral symptoms and unconspicuous MRI. In these patients FDG-PET may establish the diagnosis of CNS involvement and monitor the brain function. Despite lack of specificity, PET may also be helpful in diagnosis of unclear cases, when only few ACR criteria and minor neuropsychiatric symptoms are present.
